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INTRODUCTION

L)

This paper constitutes an analysis of Honey Bee Communication: An

Enquiry into Two Conceptions of Animal Behaviorz, a unit of classroom

discussion modules developed by the Patterns of Enquiry Project, the

Ontario Institute for Studies in Education. The conceptual framework of

the analysis consists of four major items (descriptive characteristics,

theoretical orientation, instructional orientation, comparison and evaluation)

and appropriate sub-items. In this study, an attempt is made to determine
PR,

the'significance of certain factors which might aid in the prediction of

curricular outcomes of the unit. -

z
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1. DESCRIPTIVE CHARACTERISTICS

1. Instrwctional Media

The Honey Bee Communication unit consists of two boo - a

student edition and a teacher edition. The student edition is printed on
the right hand page, and the left hand page is blank. The page is divided
vertically, in half, so that the left half contains the textual content.

A distinguishing characteristic of this content is the extensive use made
of excerpts taken from original research reports. The original quotations
£re linked together by connecting commentary. The right half contains a
variety of instructional information and directions, including additional
information, questions and explanatory comments. The teacher edition l
contains the full student edition plus the teacher's introduction and the
left hand page divided vertically, in half. The left half contains
tentative answers to the students' questions and the right half of the
teacher page contains a running analys.s; of the original quotations
(Figure 1). Both editions also contain tables, figures, and photographs
keyed to specific sections of the text (Figures 2, 3, 4).

The teacher's introduction consists of the following six sections:
Organization of the Unit, Goals of the Unit, Classroom Discussion,
Purposes of the Guide, Orientation of the Unit, and Suggésted Ways of Using

the Unit. The students' introduction deals explicitly with two themes,

knowledge and enquiry.

Consistent with the purpose of the material as a discussion unit, the
authors have stressed the textual account and left the development of
‘appropriate laboratory activities for the teacher. Field trips, film
strips, slides, etc. are not obligatory to the teaching of the unit and
are left to the discretion of the teacher for use as supplementary aids.
No special classroom facilities are required and the suggested time period
for classroom use is 3-4 weeks. 7




2. Couwuwse Content

The Honey Bee Communication unit was designed for use in grades 9-13
in any high school biology course or ;s a segment of a general science
course. The conte;t is divided into three parts (Figure 5). The first
part, consisting of sections I and II, presents the original writings of
Karl von Frisch and exemplifies his conception of bée dances as a language

for locating food.

In section I the student is introduced to von Frisch s initial problem
concerning bee dances and feeding habits. This problem is two-fold, namely:
How do bees communicate? and Do bees have a language? Various environmental
and bee-specific componen:ts of the problem are identified. Reports of
experiments to test various hypotheses are presented and using the textual
questions the student is invited to "make sense" of the logic of. each
investigation and its resulting outcomes. Using the original writings as
a source of data, the student is requested to collect evidence for an
argument. This evidence involves identifying, interpreting and assessing -
various aspects of von Frisch's enquiries. For example, question two
involves the identification of an hypothesis, an interpretation of its
relationship to von Frisch's conception and an assessment of his testing
procedures. Reports of experiments to test the following hypotheses are

presented in section I:

- that the round dance is a symbol communicating a source of nectar
and the waggle dance is a symbol communicating a source of pollen
(Figure 4).

- that bee dances communicate data about the distance of a food source
from the hive.

- that round and waggle dances have meaning in terms of differing
distances of the food source from the hive (Figure 2).

Von Frisch interprets his findings resulting inm claims that characteristics -

of foraging bee dances communicate various aspects of distance information
to recruiter bees. Through the questioning procedure of the unit, provision

¥
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is made for the student to understand the claim, the methods by which it

was derived and the tentative nature or warrantability of the claim.

Section II introduces the student to further enquiries of von Frisch
concerning the nature of bee communication. The hypotheses being tested are

as follows:

- that bees use olfaction to locate food - bees empty their scent

organs in flight to provide a scent-path for recruits.

—~ that bees receive direction as well as distance information from
the dance - the direction of the straight run of the waggle dance,
determined by orientation to the sun, communicates the direction

of a food source (Figure 3).

Emphasis is placed upon student understanding of the effect of guiding
conceptions on experimental design, the nature of assumptions and the
reliability of knowledge claims. Von Frisch concluded that bees communicate the
direction of food sources from the hive in relation to the sun and that

olfaction is not a guide to direction at great distances.

The second part of the unit (sections III and IV) presents the original
writings of Adrian Wenner and Dennis Johnson. These enquiries demonstrate
an alternative conception of bee dances as an unused source of information

about food location.

In section III, the student is introduced to Wemner's critical
examination of von Frisch's conception of bee behavior. The major criticism
was directed toward the effect von Frisch's conception had upon his experi-
mental design. Wenner suggested that the design of the previous experiments
excluded the degree to which olfaction could play an important role. He
redesigned the experiment, tested von Frisch's distance hypothesis, and his
outcomes confirmed it. However, three further experiments with design
modifications produced outcomes contrgry to the "language” hypothesis. Thus,
while not entirely rejecting von Frisch's conception, Wenner concluded that -
the expefiment from which evidence was taken to support the dance "language”
hypothesis was inadequately designed. In this sectionm, the student '
investigates the challenges made upon a guiding conception and its effect

upon experimental outcomes. The mature of “"controls” and "artifacts” in

e .




_ experimentation, the revisionary nature of scientific outcomes, the partial
interpretation of data, and the generation of new questions from investi-

gations are the primary aspects of scientific enquiry treated.

Section IV introduces the student to Johnson's critical examination of
‘ von Frisch's conception of bee behavior as innately patterned. At the
outset, the reasons for Johnson's criticisms and indications of his guiding
conception are sought. A gescription of an experiment designed to disprove
the "language” hypothesis follows and provision is made for comparisons with
von Frisch's and Wenner's experiments. Reports of experiments to test the
hypothésis that conditioned responsés (such as odor) play an important role
in locating food sources are presented and the student is asked to-assess
Johnson's experimental design, data collection and data interpretation.
Johnson concludes his enquiry by claiming that the dance patterns do
contain precise information but that bees fail to use this information
with the same precision in’iocating food and that conditioned responses such -
as local odor klues play an important role. The end of this section
provides for student assessment of the adequacy of alternative guiding

conceptions.

The third part (sections V, VI, VII) of the unit consists of a com-
parison of the alternative conceptions of bee behavior. Using research
reports excerpted from a scientific journal, the authors have juxtaposed
this material such that the nature of debate within the scientific community

is presented to the student.

Section V contains von Frisch's defence of his dance language
conception. In the writings, he responds to the criticisms of Wenner and
Johnson by criticising the design of their experiments and defending his
own. He describes specific experimental techniques (eg. Wenner's method
of training bees) which he claims resulted in errors of interpretation.

o

Furthermore, he argues that his experiments were properly controlled in
spite of the criticisms of his opponents and uses some of Wenner's data as
support of the dance language hypothesis. The student is requested to assess
the evidence cited and the form of his argument.

In section VI, the original writings consist of a ser.es of excerpts
taken‘fron a paper in whict{ Wenner and Johnson collaborated to defend their
i




olfaction conception. Using more detail, they outlined their conception

of how bees locate food sources. Distinct differences between the way

they viewed the phenomena (as a "dynamic system") and von Frisch's
conception are expressed. The student is requested to search the report
for terms indicating the different conceptions and to formulat: an
argument concerning the adequacy of these diverse points of view.  The
function of scientific debate and how it contributes to erquiry is
demonstrated. For example, in this section, the disagreeméht appears to be
founded basically upon the differing guiding conceptions and resulting
interpretations; however, the specific variations accrue from a question of
adequately "controlling" within the experimental design. Wenner and
Johnson argue that von Frisch's statement of the problem, design of
experiment, collection and irterpretation of data are primarily influenced
by his guiding conception. Student investigation into the role of guiding
conceptions and their assumptions is emphasized.

Section VII introduces the student to Wenner's and Johnson's test of
the competing conceptions. Thr;ugh?a report of their investigations, they
attempt to disprove rather than confirm an hypothesis, test the assumptions
underlying guiding conceptions, and thereby contrast the two hypotheses.
The experimental procedures and collected data are reported and the student
is reqﬁested to assess the adequacy of its interpretation and resulting
knowledge claims. The researchers claim that the experimental outcomes
supported the olfaction hypothesis but admit that there is a correlation
between the dance manoeuvre and distance and direction ttévelled by foragers.
Having read much of the evidence presented by the major protagonists
involved in the study of bee behavior, the student is invited to formulate
‘his own conceptions and support it with experimental evidence.

An 11lustrated appendix presents some initial data and the experimental
apparatus one might use to investigate bee behaviour from another point of
view. It involves an enquiry into the role of bee sounds as a possible
means of communication. No reporié of experimentation are presented and it -

provides a starting point for student enquiry into the problem itself.




11. THEORETICAL ORIENTATION

1. Rationale

There are no explicit statements in the Honey Bee Communication unit

which assert the educational functions intended through use of these
materials. Elsewhere, however, the project director has elaborated on the
curricular perspective of these modules3. Primary emphasis 1is placed upon
a liberal education in the disciplines of science as qgpposed to but not
the total exclusion of other kinds of educatfon (eg. technical, professional,
specialist, etc.). Comnelly claims that a liberal education in biology can
function so as to contribute to increased freedom and power with nespect
to biofegy if that experience [is] structured acconding to prineiples of
enquiny“. He argues that the curricular significance of this power may be
realized if biological knowledge 1is viewed in terms of its form and matter.

1ts form is given by the Logica/ -tterns used in enquiry; Lis

matter 48 given by the facts, _hypotheses, and theonies that

make up the edifice of biofogic knowledge. Pattenns of enquiny

are nestricted in number and nepresent the effectively difgerent

ways of viewing biokogic subject matter; on the other hand,

the facts, hypotheses, and theonies are manifold, and they

change on are subsumed as new, more powerful knowfedge 48 generated.

Patterns of enquiny exhibit stability and are the basis for a

Libenal education in biology. They are the cwwiicular perspec-

Lives from which students may study the content of biofogy. 1In

shont, the distinction between fonms of enquiry and the conceptual

and factual matters of biology provides forn a curricuwlum having

a stable framewonk within which to treat the variable content of

bioLogy. 3
The stable framework is based on principles of enquiry (guiding conceptions)
and their respective patterns. The structural components of a paztern of
enquiry are represented in the way problems are bounded for enquiry, the kind
of daia which pass as evidence, the way internpretations of the evidence are made,
and the terms in which knowfedge outcomed are stated. Enquiry, in this
view, is a form of knowledge as experienced by the scientist and his
research accounts are records of the process in which he comes to an-
understanding about the world. The outcomes of that process are the

knowledge claims which are considered as assertions or propositions contingent




upon the components of enquiry. Commnelly states that the curricular
significance of this philosophy resides in the degree to which biology as a
form of knowledge experienced by researchers can become a form of knowledge 7

experienced by students.

The content of Honey Bee Communication suggests that the unit reflects this

rationale. The use of two competing theories of bee feeding behavior permits the
student to examine the components of enquiries and judge the adequacy of their
outcomes. This orientation stresses the way in which biology c;ntributes to the
social and intellectual activities of the individual student. Such an emphasis

could be said to reflect the aims of a liberal education6.

2. Objectives

The teacher's edition specifies that this unit contributes to four goals

‘of science education. The potential for achieving these objectives can be

determined by examining the content and by examihing its mode of instruction.

The latter will be discussed in another section of this paper.

Goal 1. An understanding of the majon theonies of honey bee
comunication associated with their search gon nectar.

The content of Honey Bee Communication presents the major theories of bee

feeding behavior by means of the original enquiries of von Frisch, Wenner
and Johnson. The patterns of enquiry which contributed to the formulation
of these‘theories are represented in detail.
Goal 2. An understanding of the parts (eg. probfems, fact,
interpretation) of patterns of enquiry and how these
patterns contribute to the "status" of knowfedge claims.
The structural components of patterns of enquiry can Be identified in all
sections of the unit. The format of the original writings, students'’
questions, possible answers, and analyses contribute to their identification.
For example, the folldwing pattern of enquiry is located in section I:

Table 1. von Frisch's Pattern of Enquiry

1. Guiding Corception His conception is that bees communicate
by dancing to recruit food-gatherers and
thus balance the number of foragers with
the amount of food available.




2. Problem_ How do bees communicate? Do bees have
; a language?

3. Data Data collected include the geometrical
movements of bees which have returned to
the hive and the number of foraging
newcomers which subsejuently appear at
a distant feeding place.

4. Interpretation The distance of the feeding place 1s.
indicated by the "waggle run frequency"
of bee dances.

5. Knowledge Outcome He claims that bees do have a language
= the symbols of which are reflected in
components of the dance.

According to the teacher's introduction, understanding the status of a knowledge
claim requires a determination of its validity and reliability. The validity

of a claim refers to its significance in explaining biolcgical phenomena.
Reliability refers to its accuracy in accounting for phenomena. The unit makes
provision for such determinations by the extensive use of the original writings
of honey bee researchers. For example, von Frisch's claim that bees comm;nicate
~distance information by means of a dance "language" is valid since, if it is
correct, it helps to-explain their behaviour. Howéver, the reliability of the
claim is lov since Wenner and Johnson présent other legitimate interpretations
of the dat

Goal 3. The neading skRiLLs and habits of mind that allow a
student to necover the meaning of knowledge claims.

In this unit, the use of original research writings provides for the
recovery of meaning of biological knowiedge independent of a curriculum
writer. The student is freed from the constraints of interpretation by a
textbook author and with a grasp of the conceptual framework of enquiry the

student could discover meaning independent of the teacher.

Goal 4. The evaluative skills and habits of mind that allow a
student to assess the status of knowledge claims.

Honey Bee Communication presents alternative patterns of enquiry which

produce diverse kﬁowledge outcomes. Given that a student understands how
each pattern yielded its interpretations, the unit provides for the con-

trasting of enquiries for assessment of logical consistency, phenomena-concepf

1 A
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correspondence, postulational outcomes, etc. Part three, containing the
criticisms and defences of the enquirers is a case in point. The following
questions (from section VII) solicit the use of these skills: Upon what
assumption 48 this statement based? What conception of bee feeding behavior
was used as a basis fon generating these experimental procedures? Which
predictions are supported by the data and which are not?

Consistent with his view of organizing cur- ? ~terials with
ressect to forms of enquiry, Connelly asserts t .he latter three goals
reflect elcmente of the power o% these principles in the liberal education
of an individual. In general, the content of the unit and its objectives

are concsistent with the rationale.
|}
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T11 INSTRUCTIONAL ORIENTATION

i. nstwetional Theory

The teaching strategy intended for instruction using this unit is
described in the teacher's introduction as Enquiny 4into Enquiry. Connelly

describes some principles of this theory of instruction as follows:

While the materials for an enquirny Linstructional mode neflect
debate within the f§ield, enquiny Lnstruction generates debate
within the classnoom. CLassroom debate centers on the anatomy

of a pattenn of enquiny and its functions in the cuwwicular
recovery of meaning of knowfedge claims. For instance, depend-
ing on what parts of the papen are chosen as evidence, there

may be several answers to the simple question "What is the
problem unden investigation." The debate generated in a com-
parative defence and analysis of each answer in the context

of a seanch forn the best, i.e. most adequate, answer constitutes
an enquiry into enquiny discussion. Students are asked to build
anguments fon thein positions using evidence from the papen.

They ane asked to hear the arguments of other students and to
compare the adequacy of iedr arguments for making sense of the
pattenn of enquiny as a whole. And they are asked, 4if necessany,
Lo withhold fudgment and tc Let diversity stand pending discussion
of the entine pattenn of enquiny; its gulding conception, required
and collected data, interpretation, statement 9/6 outcome, and the
hole played by the principle and problem area.

Enquiry into Enquiny is seen as a method of discussion involving the active
participation of students toward a search for znowledge and a mastery of
skills. . It allows for the use of these skills through an engagement in the
intellectual activities of thought and communication. As éuch, the instruc-

tional mode contributes to the objectives of the unit and its function in a
1iberal education.

2, Elements of Instructional Theory

The format of the Honey Bee Communication unit is conducive to an enquiry

discussion process. The original writings consist of debate mstefials, the

questions are exemplary of biological enquiry, and the sequence of sections is
appropriate to the development of knowledge concerning bee behavior. The way
in which student - teacher - materials interactions could occur can be demon~




strated from section II (Figure 1). For example, the teacher could ask,
"Wwhat hypothesis is von Frisch proposing to test?" The question forms
the basis of a problem for each student. Other aspects of that problem
are: "How can I find out?" How will I know that this is the

hypothesis?” "What is an hypothesis?" Etc., etc. By identify-
ing and verbalizing certain phrases in the textual materials, the student

hypothesizes a solu:ion to the problem. In this case, he may state, "Yon
Frisch's hypothesis is that bees use olfaction to locate food." Another
student, who has looked elsewhere might assert the following, "ﬁis hypothesis
{s that bees receive direction as well as distance information from the dance.”
Each participant then seeks specific terms, words, or phrases which are dafa
relevant to the problem and act as evidence supportive of his hypothesis.
Varying {nterpretations of these data could be made during argument requiring
a search for further data or a revision of original hypotheses. This argu-
mentative phase of the instruccional process reflects the debates which

exist within the scientific community about competing theories. The out-
comes of such a‘procedure age the cfaims each student makes regarding what

he knows about the problem. Furthermore, this instructional process pro-
vides for some degree of understanding of how he acquired that knowledge.
Within the discussion group, the outcomes of an argument could terminate

as consensus among group members or as informed choices by 1nd1vidual§

concerning alternative knowledge claims. -

The teacher's introdiuction describes the role of the teacher in enquiry
discussion as critical. Clearly, two prerequisite functions for the teacher
would be an understanding and assimilation of a mode of analysis appropriate
to biological enquiry and the development of effective techniques of discus-
sion. The project has produced a 16 m.u. film, Enquiny 4into Enquiry, and
the teacher's edition of the unit to contribute to these activities. A
manual, prepared for teacher education, accompanies the film and provides
background information, analysis of the discussion, and topics for teacher

discussion.

Within the discussion (according to the teacher's introduction), the

teacher's authority is directed toward the way arguments are advanced.- In

po—"




this capacity, he is to indicate the soundness of the argument, the nature
of the evidence, the logical connections with the general problem etc.

In general, the teacher assists students in building arguments. Transcripts
from the filmed class discussion are presented in the manual and techniques

of conducting the discussion are analyzed.

As indicated previously, the Honey Bee Communication unit has a format

which facilitates a discussion mode. The student questions, textual material
to be analysed, analysis, and possible answers are presented’as columns on
opposing pages (Figure 1). This style would aid the teacher who is naive

to this type of instruction. Considering the discussion problem presented
by the teacher (above), the following subsequent questions could be used

to direct instruction:

"What evidence from the writings supports your statement?"

"Compare your evidence with that used by X in his argument."

"What evidence is there that both arguments are possible solutions -

to the problem?"
If this type of procedure were used, the teacher could shape and refine the
students' arts and skills of recovering meaning and hence contribute to goals

three and four.

S
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IV COMPARISON AND EVALUATION

1. Philosophical Stance

Although many of the new secondary~school science curricula cite "an
understanding of the nature of scientific enquiry" as a major objective,
Herron has found that three major curriculum projects (PSSC, CHEM Study,
BSCS Blue) contain very limited conceptions of and diverse accounts of
enquiry.8 Having developed a conceptual frameworksfor analyzing accounts
of scientific enquiry, he tested it on four neasonably compfete and coherent
divergent accounts of scientific enquiny (those of Dewey, Einstein, Pierce
and Whewell) before applying it to the science curricula. His scheme inz
volved the identification of five "comhonplaces" of enquiry - Agent, Method,
Scientific Data, Scientific Knowledge, Dynamics of Revision - and appropriate
subcategories. He found his scheme to be compatible with the variety of
conceptions of the ngcientist-philosophers" yet very poorly represented in -
the modern science curricula. These outcomes, coupled with those of a
study involving science teachers, led him to conclude that the current
operational effectiveness . . . [of teaching] . . . "science as enquiry” 44
highty questionable.

The philosophical stance of a science ¢urriculum may be regarded as
the way in which it presents a "structure of scientific knowledge." It is
the manner in which conceptual knowledge structures are presented which
allows one to assess its philosophical position. This unit consistently
presents knowledge claims as contingent upon the substantive structures
governing the enquiry, the discrimination of data as dependent upon starting
points, the diversity of verification and discovery processes, the cognitive
biases of enquirers, the nature of debate, and the revisionary aspect of
scientific knowledge. In short, it demonstrates substantial elements of
Herron's "commonplaces” of enquiry. Furthermore, the unit presents science
as student enquiry. Through use of the original research reports and an
enquiry mode of instruction, it can provide for student involvement in the
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enquiry process. These same elements of enquiry can, thus, become "common-
places”" of instruction. In this respect, the philosophical stance of the
unit may bacome not only a view of enquiry but an experience of it. Connelly

asseiris that this experiehce can yield a:

. « o second-onden knowledge [which] allows fon the cwwviicular
assessment of the warrantability of a knowledge claim; for on
assessment of the grounding relationship of the claim in fact,
and fon the cwwicularn assessment of the conception ang pattenn
of enquiny that places and gives meaning to the claim.

An examination of the written material of this unit indicates that it has .
the potential for achieving this.

2. Suitability §or Intended Student Populations - -

The rationale guiding the development of this modular unit and the broad
population for which it is intended suggest that considerable attention be directed
toward specific situations in which it is to be used. Furthermore, the way in which
it is used with various student groups is an important factor in assessing
this dimension. This unit is not intended for a full course of studies nor
does it constitute a full semester's work. It could, howevergibecome a

substantial portion of a one semester general science course.

The content of the unit represents an in-depth treatment of a topic
in animal behavior. For a younger student pop'-lacion, it could provide for

a major in-depth portion of a general survey ccurse in biology. For an

_ advanced science course it might constitute one aspect of other similar

studies. The realing level is appropriate for a grade ten student, although
certain terms in the original writings may require some investigation as
to specific usage. The consistent use of such terms throughout the textual

material of the unit facilitates the understanding of terms in con .

The sequence vf sections is appropriate to the development of knowledge
of bee behavior and to the enquiry theme of the unit, VongFrisch's enquiries
are presented, ther the challenging enquiries of Wenner and Johmson, ard
finally the subsequent debate. The nature of the student questions is ap-
propriate to this development.

The unit appears most suitable for grades te to twelve but could be
adapted to fit one grade higher or lower.

w1
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3. Comparison With Othen Cwunicula

Comparison of five popular biology textbooks with Honey Bee Communication

yielded the following information concerning the nature of enquiry into bee
feeding behavior:

Table II
-Guiding . 7 Knowledge

Text Conception] Problem | Data | Interpretation | Claims
BSCS Green

BSCS Blue : * % *
BSCS Yellow .- % * %
Modern Biology *.
Biology ) * * *
H.B. Communicationl * * * * *

- BsCs Green’? does not deal with bee feeding behavior. Modean BioLogy
considers only the knowledge-outcomes of von Frisch and treats his enquiry
as a discovery of facts. The following statements exemplify the treatment:

Evidence indicates that bees communicate with one another through
the carrying out of a complicated set of dances. When a wonrken
netwins to the hive, she can infoam the other wonkens of the kind

and amount of nectonr available, how far away it i8, and in what
di)woﬁon. To do this, she dances on the vertical surface of the
comb. ) : ’

No mention of the enquireré, conceptiéns, problem, data or interpretations
are made. According to this account, the outcomes are conclusive discoveries
which have gchievéd the status g{ "fact." The curricular implication is

that such outcomes are "facts to*learned" because they are "facts which are
known."

BioLogy considers primarily the knowledge outcomes of von Frisch and -
treats his enquiry as a discovery of facts. It appears to consider the bee
commumication problem as one of continuing discovery. For example, it does
not. seem to consider the enquiries of Wenner and Johnson as competitive but
as complimentary to von Frisch's conception. Consider the following state~ -
ments: o

Further experiments clearfy nevealed the method by which a worken

bee can dinect others to the source of food. (the waggle dance

Anterpretation is given) . . . Several necent experiments indicate

that bees may also use other clues in Locating food. Such things
as hive odons and good oons may be clues that also help bees onient

]
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to a food ;ou/cce. . o . Varnious experiments have confinmed this
idea.1?

- This text summarizes the knowledge outcomes of all enquirers in a
marginal note of the teacher's edition in a form suggestive of one compre-
hensive theory which is gradually becoming more completely understood
with the contributory outcomes of each investigation.

BSCS Yeffow!3 presents a diagramatic illustration of the problem of
bee feeding behavior and iné}cates that Wenner and Johnson produce different
outcomes than von Frisch. A number of "open-ended" questions are presented
P which suggest this to be an importamnt part of enquiry and that the outcomes
ars somewhat tentative. However, no actual data is provided for the student

to make his own interpretation.

BSCS Blfue presents, in detail, the distance-direction theory of von Frisch
and, to a lesser extent, it outlines Wenner's and Johnson's alternative theory.
Consider, for example, the following statements:

1§ this theony proves correct, bees use the most abstract method

of communication of any animal othen than man. Some new evidence

has appeaned, however, that suggests that the dance does not com-

municate distance on direction Lo a food sournce . . . An alternate

theony 4is thenefone being fonmed fo explain how the bees Locate the
good sounce.l4 ‘

Although this text represents the nature of $Ee feeding enquiry in a more

valid form than the four previously mentioned texts, it concludes with
the following statements: (

You can see then that doubt stilf exists about how bees communicate.
What caused this doubt to develop? "Could different varieties of bees
produce different nesults? WWhat about a difference in the bees' en-
vironment? On a difference in the way the experiments were designed?
Were all variables well controlled, fon example? Could the Same
general cbservations be intenpreted differently bg diffenent observers?
Which theony is night on can they both be night?!

But the text provides no original data, no indication that the enquirers' 2;
viewed the problem differently, no comparative outlines of the differing
experimental designs. How, then, can the student answer such

questions? What provision has been made for the studemt to "see that doubt

. . . exists"? What provision have the authors made for the student to know?
The curricular outcomes of these questions are not that diversity of knowledge

claims can exist because of diverse enquiries. These questions are "open- L

ended" in the sense that no means for finding answers has been provided.

[ iio———
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_ And finally, consider the following concluding statements of this section
in the text:

You might ask, "Do bees neally communicate?" The answer must
be "Ves." Othewvise, thein h,éghlqéouganézed soclety and thein

- caste system would be impossible.
This author would claim that such statements are inadmissable in a book which
claims to demonstrate the nature of scientific enquiry. They are interpre-
tations devoid of factual data and, in a curricular sense, testtict'student
freedom with respect to Ehese ideas. Such statements provide inmaccurate

"second-order knowledge” about the nature of scientific enquiry.

Examination of these various textual accounts indicates that Homey Bee
Communication gives the most adequate account of bee fee’ing behaviour as

it is currently known and the most appropriate account of how it is known.



19

OUTCOMES

The data for this analysis has been obtained from the Honey Bee
Communication unit materials and the additional sources cited. The

conceptual scheme provided a useful means for description and evaluation.

The unit presents an in-depth treatment of biological knowledge
concerning bee feeding behavior and the nature of the enquiries generating
that knowledge. The content of the materials and the stated objectives
are consistent with the rationale of the project. The potential for
achieving the objectives depends, in part, upon the use of an enquiry
discussion as instructional mode. The materials contribute to such a -
teaching strategy and to the philosophical stance of the pro}ect. The
unit appears most suitabtle for grades tem to twelve. In contrast to
five popular biology textbooks, Honey Bee Communication is most

adequate and appr&priate for the content considered.

—————
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Ansvers to Ouestions

1. He is actually proposing to test two hypotheses:
(a) The null hypothesis (i.e., the one that he
expects to disprove) is that bees use olfaction
to locate food.
(b) His hypothesis is that bees receive direction
a9 well as distance infornation from the

dance.

2. He added more observation rosts in different

directions

e ]

e

24t

Analvsis

1.0 VYon Frisch continued to consider both un;uge
and olfaction hypotheses.

1.1 In order to test these competing hypotheses, he
set up additional cbservation posts in different
directions from the hive.

1.11 He found that most recruits went to the observation
post (scented dish) most proximate to the feeding

B

place of the trained foragers.

t

Q

ERIC

Aruitoxt provided by Eic:

Figure 1 - Teachers

Sectiom I1: WMICH DO BEES USE TO LOCATE FOOY
LANGUAGE OR OLFACTION? VOR FRL
FAN EXPERIMENTS!

1.0 The queation whether the newcomers are
receiving information about the distance of
feedins place by the dances or vhether they
guided into the neighbourhood of the eollec
by means of their scent organ, was deterwine
experiments now to be discussed. ¥ I thought
observation posts at the sgme distanoe as th
place, but in a different direction, would 8
whether bees knew in which direction they ha
search or vhether they merely folloved their

1.1 The arrangement of the riment} remal
before, but we-odded furiher obsarvation pos
the 16th of August 1944, a growp of ssven
bees of a Xratner colomy at B (in a Zander H
collected at the feeding place F at a dista
150 ». The base of the dish vas soented vi
drops of peppemwint oil. A peppérmint scend
vas placed in the grass at four cbservation
whose position is shom in Pig. 8, In the 4
during which we fed the mmbsred bees vith
1.11 molap sslution, 108 nescomers arrived o
killed. During the same howr and the folla
hour 20 baes arvived at the observation pos

lyon Frisch, Dances of Honay Bees, 19-31.



Figure 1 - Teachers Edition Pages 24T - 24

24T 24

Section 11: WHICH DO BEES USE TO LOCATE FOOD:
—
LANGUAGE OR OLFACTION? VON FRISCH'S
FAN EXPERIMENTS!

1.0 The question whether the newcorers are really
receiving infomation about the digtanoce of the
axvage feeding place by the dances or whether they ame only
t guided intc the neighbourhood of the collecting place
by means of their scent organ, was deverrined by
experiments now 10 be disoussed.¥ I thcught that $1. Vhat hypothesis is von Frisch proposing to test?
chservation posts at the sane digtance as the feeding
place, but in 2 differem. airestion, would show
ses. he whether bees knew in whooh direction they had to
’ searsh op uhether they rwrely folloved their noses.
3.1 The arrangement of the experimentd remained ad $2, Vow has he altered his experinentsl design?
Lefore, but we added further observation vosta. On
- the 18th of August 1944, a group of sewen numbered B
Lees of a Krainer colony at B (in a Zander hive)
cotlected at the feeding place Fat a distance of
150 =. The base of the dish was scented with a few
drope of »rrpemint oil. A peppermint scented plate
was placed in the grass at four cbservation posts

observation - shose position ie shown in Fig. 9. In the one hour
ne feedd during which ve fed the numbered bees with a 2
ng 1.11 molar solution, 106 newcomers arrived and were

s kitled. During the same hour and the following half-
howr 20 bees arrived at the observation post 15 m,

ivon Frisch, Dances of Honey Bees, 19-31.
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ERIC

Aruitoxt provided by Eic:

Figure 2 - Experimental Data

e

TABLE 3
‘ st . No., of individual
E iment No. Date { D co of feeding Average No. of observations on which
xperimeat N | plece from hive waggle runs per 15e0cs.| 0" o o ‘i’. .

7 8.6.45 100 m. 10,9 9
8and 9 11 and 12.6 150 m. 8,7 12
10 12.6 200 m. 8,3 16

11 4.8 300 m. 7.8 29

13 15.6 400 m. (X ] 24

16 16.6 00 m. 62 31

17, 18 16.8 600 m. 5,9 33
19, 20 17 and 18.8 700 m. 5,0 23
21 18.6 850 m.! 4,8 34

23 18.8 90" m. 4,7 33

24 19.6 100, m. 4,5 30

26 19.6 1100 m. 4.5 N

28 21.6 1200 m. 4,2 15

31 21.6 1300 m, 4,3 54

34 22.8 1400 m. 4,1 €8

37 23.6 1500 m 4,0 31

1 Instead of at 800 m., where thore was a swamp.
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Figure 3 - Bee Communication of

ERIC

Aruitoxt provided by Eic:

Direction
a b
HIVE WIVE FOOD PLACE
1\ e
\ s Q)
. v 60
Y \ ‘v/
FOOD ‘\PLACE "
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\ \
N “
“ “
N ! » \‘ !
DANCE SUN DAMCE
¢ d s\m MACE
.
#000 PLACE HIVE '\ wive
" ‘. ] Q
Ay LY
.“. \‘ \\
. LY
\
\‘\ \‘
'\ A}
. \
\ “
m \ \
‘ N LY
(Y A Y
;\ ! E ;\ : E
DANCE SUn DANCE SUN

FICG, 17
Four exnrnﬁloa of indication of direction, The sun is to the south.
eant of the hive. The diagram in ench lower left hand corner shows
schomatically the direction of the wagglo dance for a given position
of tho fecding place.




. Figure 4 - Bee Dances

ROUND DANCE, performed by moving in
alternating circles 10 the left und 1o the
right, is used by honeybees to indicate the
presence of a nectar source near the hive

WAGGING DANCE indicates distance and
direction of a nectar source farther away.
Bee moves in a straight line, wagging her
abdomen, then returns to her starting point.

W
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